We review our neutron diffraction studies of the intercalation of the rare gases into the interstices of Qo at pressures ranging from 0 to 6 kbar, primarily at room temperature, but also at other temperatures. Room temperature compressibilities of Qo for both the face-centered-cubic and simple-cubic phases using Ar, which does not intercalate, as the pressure medium are in excellent agreement with the earlier work of David et d., while the values for He and Ne are slightly smaller than those using Ar. The rates of intercalation and release of Ne, at a number of different temperatures, have been measured and show that, at a given temperature, intercalation is much slower than release. Structural refinements of the Ne intercalated Qo have been carried out for room temperature samples at many different pressures. These data suggest that Ne only intercalates into the octahedral hole and that the occupancy increases smoothly with pressure.
I. Introduction
The intercalation of atoms or molecules into porous or layered media, such as fullerenes*-* and zeolites3 or clays4 and graphite? respectively, plays an important role in the binding or storage of atoms or molecules and has inspired a great deal of work to better understand the physics and chemistq of these processes.
Intercalated materials are important technologically for their use as catalysts, waste storage media, solid-state batteries, molecular sieves, gettering materials, and in many other applications. Sometimes, intercalation endows the new material with remarkable properties. In the case of the fullerenes, intercalation has been a subject of special interest since the observation of superconductivity with alkali ion , intercalants. 6 
II. Exuerimental Details
C6o (99.6% nominal purity) from commercial sources was subjected to slow progressive heating up to 400°C for several days in order to remove all solvents and occluded N2 and 02. The powdered sample (3g) w&'ioaded into a thin walled vanadium tube which was inserted into the aluminum pressure cell described in detail elsewhere.7 Most data were collected at room temperature (296K) on the 90" 
IV. Absorption and Desorption Dvnamics
In our earlier worIc,1a we noticed from the measured lattice parameters that He intercalated t& quickly (less than 10 min) and Ar did not intercalate at all (in 6 days) on neutron-difhction-experiment time scales. However, Ne intercalated with a time constant of hours (reaching saturation in about 24 hrs at 2.75 kbarlb), making the diffusion dynamics easily accessible to TOF neutron diffraction experiments. As will be seen, further studies of the intercalation dynamics of Ne provide a fascinating story.
A large number of runs were made to study the time scales for the diffusion of Ne into the Qo lattice.17 An example is given in Figure 3 , where we follow the lattice paramet& changes after increasing the Ne pressure from 0 kbar to 2.06 kbar at 296 K The lattice parameter increases rapidly from a value of =14.08181 and approaches a limiting value of 44.O9181 after approximately 10 hrs. The data can be fit with the expression a = ai -(ai -af)exp (-th) where ai is the initial lattice parameter, af is the final lattice parameter and z is the time constant for diffusion. For the data in Figure 3 , z has a value of 1.46 hrs. We also noticed that the measured time constank for diffusion for a given Q sample at a given pressure would decrease on successive pressurizations to high pressure. We believe that the reason for the increasingly shorter time constants was the decrease in % particle size with successive pressurizations which go through the phase transition. Realizing that the measurements depended on sample history, we carried out a series of measurementS (of which the data shown in Figure 3 is one) involving pressurizations to various pressures below 2.06 kbar (e.g. below the phase transition) on a sample that had been previously pressurized to 4.12 kbar. In this series of experiments, we fmd that the dependence of-time constant on loading pressure gives a straight line (Figure 4) .
In all c&es where the Ne pressure is released after the system has reached saturation, we find that the change in lattice parameter occurs too quickly to be measured. Figure 5 shows this behavior in the lattice parameter when the Ne pressure is released fiom4.12 kbar to 1.03 kbar. This asymmetric diffusion clearly shows that the activation energy for loading is much larger than that for release.
Although release occurred too quickly to be measured at room temperature, the diffusion rate becomes accessible when the temperature is lowered. For example, when Ne is released to a pressure of 0 kbar from 1.51 kbar at 200K, the time constant for the equilibration of the lattice parameters is 1-40 hrs (as shown in profile, is shown in Figure 7 .
From our least-squares refinements, it was immediately clear that all of the Figure 8 . This shows that the equilibrium Ne site occupancy changes reversibly with changing Ne pressure until it saturates at high pressures.
for B, which is almost certainly too low an estimate,
VI. Conclusions
We have reported recent results from our neutron scattering studies of the intercalation of rare gases into % at various pressures. These include the study of the changes in the lattice parameters with pressure and the determination of the pressure dependence of the compressibility at various iemperatures, studies of the dynamics of intercalation and release at various pressures and temperatures and, finally, refinement of the structure in the facecentered cubic (Fm3m) phase to determine the pressure dependence of the Ne site occupancies in the interstices of Go. At the present time, we.are studying theoretical models that correlate the observed behavior. Much work remains to be done: we are continuing a more detailed study of the activation energies for the asymmetrical rates for diffusion into and out of %, we are carrying out refinements of the interstitial occupancies of Ne for the simple cubic (Pa3) phase of Q) at higher pressures and at lower temperatures, and we plan to begin soon the study of the intercalation of other gases.
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